Purpose. The goal of this study was to identify potential clinical predictors for the development of disseminated intravascular coagulation (DIC) in patients with septic shock. Material and Methods. We performed a retrospective analysis of a cohort of adult (>18 years of age) patients with septic shock admitted to a medical ICU in a tertiary care hospital from July 2005 until September 2007. A multivariate logistic regression model was used to determine the association of risk factors with overt DIC. Results. In this study, a total of 390 patients with septic shock were analyzed, of whom 66 (17%) developed overt DIC. Hospital mortality was significantly greater in patients who developed overt DIC (68% versus 38%, < 0.001). A delay in the timing of antibiotics was associated with an increased risk of the development of overt DIC ( < 0.001). Patients on antiplatelet therapy prior to hospital admission and who that received adequate early goal-directed therapy (EGDT) were associated with a decreased risk of overt DIC ( < 0.001). Conclusions. In our cohort of patients with septic shock, there was a risk reduction for overt DIC in patients on antiplatelet therapy and adequate EGDT, while there was an increased risk of DIC with antibiotic delay.
Introduction
Sepsis is the leading cause of mortality in noncardiac ICU admissions [1] . The reported incidence of septic shock ranges from 6.3% to 14.7% [2] . Based on the landmark study by Rivers et al., early aggressive resuscitation guided by continuous central venous oxygen saturation (ScvO 2 ), central venous pressure (CVP), and mean arterial pressure (MAP) monitoring reduced both in-hospital mortality rates from 56.8% to 42.3% and 28-day mortality rates from 46.5% to 30.5% [3] . Disseminated intravascular coagulation (DIC) is commonly seen in septic patients and is associated with an increased rate of morbidity and mortality [4] .
DIC is defined by the International Society of Thrombosis and Hemostasis (ISTH) as "an acquired syndrome characterized by the intravascular activation of coagulation with loss of localization arising from different causes. It can originate from and cause damage to the microvasculature. When sufficiently severe, it can produce organ dysfunction" [5] . In 2001, the DIC subcommittee of the ISTH developed a DIC score since it is essentially a clinical diagnosis based on laboratory assays, specifically low platelet count, elevated fibrin-related markers (soluble fibrin monomers or fibrin degradation products), elevated prothrombin time, and low fibrinogen level [5] . The diagnosis of overt DIC based on an ISTH DIC score ≥5 was found to be associated with high severity of disease and a fivefold increased risk of death [1] , [6] .
In DIC, there is a widespread formation of fibrin clots leading to microvascular occlusion and reduced oxygen delivery; if this is severe and prolonged, then organ dysfunction ensues [7, 8] . Patients with overt DIC had higher mortality than those without overt DIC, ranging from 43 to 48% [2, 6] . Despite the high mortality associated with DIC, there are no good clinical predictors of DIC; thus, we aimed to determine the risk factors associated with the development of DIC in patients with septic shock treated with early goaldirected therapy (EGDT).
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Materials and Methods
This study was approved by the Mayo Clinic Institutional Review Board. Informed consent was not necessary as this was a minimal risk study. We performed a retrospective analysis of a prospectively assembled cohort of consecutive adult (>18 years of age) patients with septic shock admitted to a medical ICU in a tertiary care hospital from July 2005 until September 2007. Exclusion criteria included those with a preexisting diagnosis of DIC, lack of research authorization, patients in whom care was withdrawn within six hours of onset of septic shock, readmissions, or those transferred from an outside facility. Data was extracted through chart review. A similar study design was conducted by Plataki and colleagues [9] .
The diagnosis of septic shock was based on the guidelines defined by the American College of Chest Physicians and Society of Critical Care Medicine. The following were required on two consecutive measurements in a patient with suspected infection: two systemic inflammatory response syndrome (SIRS) criteria (temperature > 38.3 ∘ C or <35.6 ∘ C, heart rate > 90 beats/min, respiratory rate > 20/min, or white blood cell count > 12.0 × 10 3 or <4.0 × 10 3 ) and hypoperfusion (systolic blood pressure ≤ 90 mmHg or MAP ≤ 60 mmHg or a fall of >40 mmHg from baseline) despite a 20 mL/kg fluid bolus or serum lactate ≥ 4 mmol/L regardless of the blood pressure [10] .
The development of DIC was based on a modified DIC scoring system from the ISTH [5, 6] . A score of ≥5 indicated overt DIC. The score was based on platelet count (>100 × 10 9 /L = 0, <100 × 10 9 /L = 1, and <50 × 10 9 /L = 2), fibrinogen level (>100 mg/dL = 0, <100 mg/dL = 1), prothrombin time (<15 sec = 0, >15 sec = 1, >18 sec = 2), and d-dimer (<301 ng/mL = 0, >301 ng/mL = 1, >400 ng/mL = 2). The following methods were used for the measurement of fibrinogen, prothrombin, and d-dimer, respectively: STA Fibrinogen Kit, STA-R Evolution, and automated latex immunoassay. Labs were obtained when there was concern for DIC such as in a patient with new onset bleeding or thrombocytopenia.
Two authors (JVR and JCG) reviewed monitoring logs capturing various vital signs, laboratory findings, infusions, and other treatments to determine the time when criteria for septic shock and for DIC (if present) were met. Risk factors for the development of DIC were grouped as follows.
Patient's Underlying Health Condition prior to Admission.
Patient demographics, comorbidities (preexisting diabetes mellitus, hypertension, coronary artery disease, cerebrovascular disease, and end-stage renal disease), and outpatient medications (antiplatelet therapy, nonsteroidal anti-inflammatories, anticoagulants, statins, and chronic steroid use).
Physiologic and Laboratory Values at the Time of Diagnosis
of Septic Shock. Vital signs, standard laboratory parameters, lactate, platelet count, fibrinogen level, prothrombin time, ddimer, arterial blood gas measurements, acute physiologic and chronic health evaluation (APACHE) III scores, and need for mechanical ventilation and hemodynamic parameters when available.
EGDT (within the First Six Hours after Diagnosis of Septic Shock) and Interventions Assessment.
Goal-directed fluid resuscitation, source control, time to antibiotic administration, use of vasopressors, steroid administration, transfusion of blood products, and use of activated protein C.
Adequate EGDT was defined as ScvO 2 ≥ 70%, CVP ≥ 8 mmHg, MAP ≥ 65 mmHg, urine output ≥0.5 mL/kg/hour, and/or improvement in lactate [3] . If resuscitation goals were not achieved within six hours, then this was considered a delay in EGDT. Adequate antibiotic therapy was defined as empiric broad spectrum antibiotics that would cover gram positives, gram negatives, and anaerobes according to the suspected site of infection [11] ; in those with positive cultures, confirmation of adequate coverage was based on the specific organisms susceptibilities. If antibiotic administration was more than 3 hours after the onset of septic shock or there was resistance to the antibiotics initiated in the antibiogram of available positive cultures, these were considered as delayed antibiotic therapy.
The main outcomes measured were the development of DIC; secondary outcomes were in-hospital mortality and hospital and ICU length of stay (LOS). A univariate followed by a multivariate analysis was conducted to determine risk factors and outcomes between patients who did and did not develop DIC. Continuous data are described as medians (interquartile range, IQR) or means (standard deviation), as appropriate for non-parametric or parametric data, respectively. Categorical data are presented as counts with percentages. To test the difference in medians between groups, a Wilcoxon rank sum was used. Either Fisher's exact test or chisquared test was used to note the differences in proportions where appropriate. Consideration for multivariable logistic regression models was based on the following: variables occurred before the development of DIC, had less than 10% missing data, values < 0.1 in the univariate analysis, and were clinically plausible.
The final model was determined using both statistical and clinical criteria taking into consideration colinearity, interaction, and the number of patients who experienced the outcome of interest. Based on the forward selection process, a variable with a "stronger" association, in the case of colinearity, was used in multivariate analysis. The predictive accuracy of the multivariate model is reported as the area under the curve. The odds ratio (OR) and 95% confidence intervals (CI) were calculated; values of <0.05 were considered statistically significant. JMP statistical software (version 8.0, SAS institute, Cary, NC) was used for all analyses.
Results
We identified 763 individuals with septic shock out of a total of 4893 consecutive admissions, of which 390 patients met the inclusion criteria ( Figure 1 ). Sixty-six patients out of the 390 included in this study (17%) developed overt DIC based on the modified ISTH DIC score. developed DIC and those who did not. The cohort of patients with DIC presented with a median (IQR) age of 63 (54-74) of which 56% were males and 83% were Caucasians. Those who developed DIC were slightly younger in age, more likely to have positive blood cultures, and less likely to be on aspirin, but not clopidogrel. Additionally, those who developed DIC were more severely ill, as indicated by higher APACHE III scores, cardiovascular sequential organ failure assessment (SOFA) scores, lactate levels, bicarbonate, and increased administration of steroids. Adequate early goal-directed resuscitation and adequate antibiotic therapy were more frequently achieved in the non-DIC patients ( Table 1) . During the time course of this study, activated protein C was still available although the use was limited at our institution due to staff bias. The hospital mortality was 68% for DIC patients versus 38% in non-DIC patients ( < 0.001) ( Table 2 ). The ICU LOS was noted to be longer in the DIC patients, but this was not found to be statistically significant.
After adjusting for important confounders including baseline comorbidities and severity of disease, adequate resuscitation (OR 0.14 [95% CI, 0.06-0.29] < 0.001) and prior use of antiplatelet therapy (OR 0.2 [95% CI, 0.08-0.44] < 0.001) were independently associated with the reduction of risk for the development of overt DIC (Table 3) . Additionally, our results found that, with every hour delay to adequate antibiotic use, there was an increase of 7% in the development of overt DIC (OR 1.07 [95% CI, 1.03-1.12] < 0.001).
Discussion
In the present study, almost one of every five patients with septic shock who received EGDT developed overt DIC. The prehospitalization use of antiplatelet therapies, specifically aspirin and adequate EDGT, was associated with a reduced risk of overt DIC, while a delay in antibiotic administration was associated with an increased risk. Although no causation can be drawn from this study, this association is hypothesis generating, and several potential explanations could be implicated. To the best of our knowledge, our study is among the first to evaluate clinical predictors for the development of overt DIC in septic shock patients treated with EGDT.
There have been numerous studies evaluating the benefit of the pre-hospitalization use of antiplatelet drugs (aspirin and clopidogrel) in critically ill patients. Recently, a large study of 7945 ICU patients with SIRS and sepsis found that the use of low-dose aspirin (100 mg/day) was associated with lower mortality even when matched for independent variables [12] . The use of aspirin for at least six months prior to hospital admission led to shorter hospital stays and lower probability for the need for ICU treatment with associated lower SOFA scores indicating less organ dysfunction [13] . Other potential benefits of antiplatelet therapy in critically ill patients include a reduction in acute lung injury [14] and a lower risk of Staphylococcus aureus bacteremia in hemodialysis patients [15] . Not only pre-hospitalization aspirin therapy has been studied, but also one study analyzed 886 septic patients and found that those treated with aspirin during their ICU stay had significantly lower ICU and hospital mortality with an odds ratio of 0.56 and 0.57, respectively [16] .
The reason for the potential reduction of the development of DIC by antiplatelet therapy may be found in the similarities between the mechanisms of action of the antiplatelet drugs and the pathophysiology of platelet activation during DIC. The activation of platelets is a multifactorial process and is crucial for normal hemostasis; however, it can also lead to platelet-rich thrombi as seen in atherosclerotic disease. Upon cell activation, platelets secrete tissue factor (TF) from granules [17] although there is now some controversy over this [18] ; platelets may instead absorb TF and become carriers rather than secretors of TF. Nonetheless, TF and thrombinmediated formation of fibrin from fibrinogen activate and recruit platelets, which can then lead to the generation of thrombus [19] . Antiplatelet therapy inhibits platelets by either irreversible inhibition of COX-1 which then blocks thromboxane A2 production, a potent stimulator of platelet aggregation (aspirin) or via inhibition of platelet activation induced by adenosine diphosphate (clopidogrel) [19] .
Additionally, our study showed that both EGDT and early use of antibiotics led to a reduction in the development of DIC though we cannot say there is a causational association. There are numerous causes of DIC such as sepsis, malignancy, and trauma, which are able to induce systemic activation of coagulation either by causing release of procoagulant substances or by activating cytokines as part of the systemic inflammatory response as in sepsis [20] . Adequate fluid resuscitation and early antibiotic initiation have been shown to be beneficial in patients with septic shock. The Surviving Sepsis Campaign recommends aggressive fluid resuscitation within the first six hours of presentation [21] . In one study, there was 79.9% survival to hospital discharge when antibiotics are administered within the first hour of hypotension, and with each hour of delay in initiation of antibiotics there was a mean decrease in survival of 7.6% [11] . Thus, it appears that early aggressive resuscitation and early use of antibiotics decrease the mortality from septic shock, which could then also reduce the risk for the development of DIC. Another important modulator of coagulation and inflammation seen often in severe sepsis is APC, which is an endogenous protein that inhibits thrombosis and inflammation and facilities fibrinolysis [22] . Inflammatory cytokines downregulate thrombomodulin, which impairs the conversion to APC [23] . In the majority of septic patients, there are reduced levels of protein C which has been associated with an increased risk of death [24] . The initial Prowess study found that the use of drotrecogin alpha activated led to a reduction in mortality at 28 days in patients with severe sepsis, relative risk reduction of 19.4%, and absolution reduction of 6.1% [25] . Another study was conducted from the Prowess database that looked at a subset of patients who were classified to have overt DIC based on the ISTH scoring system, which found that the use of drotrecogin alpha activated resulted in a relative risk reduction in mortality of 29.1% as compared to 18.5% in those without overt DIC. However, further studies have shown an increased harm, specifically increased risk of bleeding [26] . Again, the use of APC was limited in this cohort due to staff bias and is now off the market. The limitations of this study arise from the inherent biases of a retrospective observational design. With this, our study only included overt DIC as based on the modified ISTH DIC score because labs were only obtained when there was concern for DIC, which could have allowed for milder DIC cases to be missed. Confounding factors, such as liver disease, inflammation, bone marrow suppression, drug-induced thrombocytopenia [27] , specifically antibiotics, and hemodilution from fluid resuscitation, could contribute to a falsely elevated DIC score by inappropriate elevations in prothrombin and d-dimer and reductions in platelet count.
In conclusion, we explored both patient (pre-hospitalization use of antiplatelet therapy, specifically aspirin) and health care delivery (successful resuscitation and appropriate antibiotic administration) risk factors for the development of DIC in a contemporary cohort of patients with septic shock, and both seemed to be important. Health care delivery factors may be potentially modified, thus contributing to the reduction of DIC in patients with septic shock. The reduced risk of DIC with the use of aspirin requires additional confirmatory studies, but could be a potential intervention in the prevention of DIC.
